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Description 



The present itwention relates to an object detectoi; 
an object detector system, a display device for object 
detectors, and a setting device for *i«adrte^ 

Object detectors such as photoelecinc swiWies. 

proximity swftches. ultrasonic s-ritches have heretofor 

been used for detecting the presence or absence of a 

moving object along production lines P^l^t^^^ 

ries). For example, a pholoelednc o«lch determine 

the presence or absence of an object by prc,^ bj* 

onto the conveying path of an object and de^^ 
JlSence or absence of reflected or tansmitted 

lidit from tf» object 

In a photoelectric switch ol a transmrtbng ^ in 

the case where there is no object to be d^ed in a 
sensing region, light emittingfrom1heright-«i^ 
tion is received by the ight-receiving section, h the 
case, when the level of li^ received is eq^Ho a 
smaBerthan apredetermined threshold, it is judged ««t 
the oWect is present. On the other hand, m a photoelec- 
tric swftch of a reflecting type, in the case where Iheres 
an object to be detected in fte ^ensingregm 
enitting from the emitting section is '^^d by the 
object and the reflect«i light is received »V *e l«W- 
^ng section. In thfe «se. wh«j the le^of hgM 
received exceeds a predetermined *re*J"- 
iudged that the object is present The sensitwHy of the 
photoelectric switch is adjusted by changing the afore- 
mentioned threshold (operative level). 

n« thus operating photoelectric swrtches imyjn 
some cases, face the problem that the ^^J^ 
received is reduced due to such causes as displaced 
opiical axis, stained light-emitting or Bght-receivtngsur- 
feices. deteriorated performance of the BgW-emrtUng 
element of the Sght-emltlingsection. In th^cases.rtK 

necessary to re set the sensiSvity by changing the 
threshold of the photoelectric switch. 

To welcome this problem, photoeledric swrtches of 
an automatic sensitivity setting type which can srt ttie 
sensitivity automatically are being dewlcped. Auto- 
malic sensitivity setting photoeledric switches sample 
received Hght quantities a control Input from an e>4er- 
naldevice and setathreshoW based on gjovscfc^ 
obtained by causing a miciooompuler « the Rke to cal 
cUate the sampled data. a:,a„e„«kv, 

In the aforementioned automatic sensitivity setliig 
type photoelectric switeh. a threshold is aiMomateaUy 
sTwSNn the photoelectric switeh so that the sensAvrty 
of the photoeleclric switch becomes proper. However, 
the operator is not informed of a set threshold, nor can 

hefinely adjust the set threshold so as to mateh a meas- 

uring environment. ^4«ai-ir, 
On the other hand, some conventional phowaec 
trie switehesdisplay the level of Ightreceivedbyusinga 

pMality of Dght-emiUing diodes (LED). Howeve^. * 
operator is not informed of a correct quantity d ligW 
Z^ed. nor can he be infonned of a cuirendy srt 
threshold. Thus, a margin of the quantity of l^hl 



received with respect to the currently set threshold can- 
not be recognized. As a result the operator cannot 
know the timing at which to re-set the sensitivity, either. 
Moreover, in a photoelectric swftch system having a 
5 piuraHy of photoelectric swftches must set a respectwe 
threshold for each photoelectric swHch. In an automatic 
sensitivity setting type photoelectric switch system in 
particular, each photoelectric switch has a threshold 
automatically set. In this case, the operator is not 
10 informed of a threshold set for ead, P^o^^ 
ewilch nor can he be informed of the level of light 
received of each photoelectric switch correctly, erther^ 
Further, he cannot make a fine a*islment of the 
threshold set for each photoelectric switch so as to 
IS mateh a measuring environment either. 

An object of the present invention is to provide an 
oUect detector system including an ot)ject detector tiiat 
atows the operator to be infomied of a set threshold or 

a detected quantity con-ecUy. . . 

20 Anotherobjectofthepresentinventionistoprovide 

an object detector system including an object deledor 
that aflows *e operator to finely adjust a set ttireshoW. 

SHI another otjject of the present invention is to 
provide a deplay device for object detectors that «n 
25 displ^ the threshold or detected quantity of an ot^iect 

detector correctly. « ^ ^ 

SfiH another object of the present invention is to 
provide a setting device for object detectors that can 
tiwiy abiust the threshold of an object detecta. 
30 An object detector according to a first aspect of the 
invention includes: detecting means tor oiJ^ng a 
detected quantity based on the presence or absence ot 
an object to be detected; setting means for setting a 
threshold; a comparing means for comparing the 
35 detectedquanlKyobtalnedbythedetectingmeanswith 
thetireshoW setby tiie setting means and oi^putbng a 
detected resuR; and display means for numencaBy dis- 
DfeHing either the detected quantity obtained by the 
d^ecting means or the threshold set by the setting 

40 means. . ^ ^ 

An object detector according to a second aspect of 
the invention further includes aciustkig means for 
adusHng the threshold set by the setting means m the 
constiwion of the object detector according to ttie f rst 
45 aspect of the invention. . 

Accoiding to a tiiird aspect of the invention, in ttie 
object detector accoixling to the first and the second 
aspects of ttie invention, the setting means further 
includes automatic setting means for ddermining. at a 
so setting operation, ttie threshold based on a detected 

quantity of *>e presence of ttie object and a detected 
quantity of ttie absence of ttie object 

In ttie object detectors according to ttie first ttie 
second, and ttie third aspects of the invention, not only 
« ttie detected result is oulputted by companng ttie 
delected quantity obtained by ttie detecting means with 
the ttireshoW set by the setting means, but also ttie 
detected quantity obtained by ttie detecting means or 
ttie ttweshoW set by ttie setting means is numericany 
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displayed. Therefore, the operator is Wormed of the 
detected quantity Of the set threshold correctly. 

In the dbiea detector according to *e second 
aspect Of the inventionin particular, the thr^sjby 

S setting mearrs can be a«Susled by the adj^ng 
means. Therefore, the operator can f nely adjust the 
preset threshold so as to match a measurng enwron- 

"""Further, in the otjject detector according to the third 
aspect of the inventioa Ihe setting means •'"du^J 
aSomaticaly setting means. Therefore, the «hr^ « 
automaticaly set based on detected quantrt.es to be 
obtained by the drtecling means at the t«m a sett ng 
- performed, the detected quanti^bang 
otoined at the time a detecting operabon IS periom«^ 
and at the time a detecting operation is not performed. 
I Ws case, the automatically set ^^^T^ 
caly displayed. Hence, the operator is infonned of the 
automaticaly set threshold correctly. 

An object detector according to a ^^^"l 
the invention includes: detecting means for artputtng a 
detected quartity based on the presence orate«^«J 

an object to be detected: setting f*^ 
threshold: conparing means for companng fte 
detected quantity obtained by the ^etectirg rrj«r«^ 
the threshold set by the setting means and ou|x«ing a 
detected result: and display means lor numen^lycfe- 
playing a delectfon rafio of the detected qiarjrty 
obtained by the detecting means with respect to the 
threshold set by the setting means. 

In the object detector according to the fourth asped 

of theinvention. nolonlythedetededr^fioutp^^ 
by comparing the detected quantity obtoiaBd ^ 
detecting means with the threshold s^»^*es^ 
means, but also the detection ratio of *«tk^ 
quantity obtained by the detect«ig means wilh^ 
to the threshold set by the setting means IS numen^hr 
displayed. Therefore, the operator can recogiwe a mar- 
gin of the detected quantity with respect totf^srt 
threshold. As a result, fte operator can know the timing 
at which to re-set the threshold easily. .... 

An object detector according to afrflh aspect of the 
invention mdudes: deteding means for « 
detected quan«y based on the presence or 
an otied to be delected: selling means for seltoaala 
setting operation, a threshold based on a deteded 
qu«Sy d the presence d the object and a deteded 

Quantity of the absence of the '^"^ 
means for conpaiing the ddeded quantity cWajwd by 

the deteding means with the threshold set by the sd- 
ting means and oulxittingaddededresuj: and adius^ 
ing means for adjusting the threshold set by the setting 

*"^ln the *jed detedor according to thefilthasped of 
the inmition. the ddeded resuH is '>^^'^^ 
Sing the ddeded quantity d>taned by the ddeding 
means with the threshdd set by the sdting means. Ui 
addition, the threshold set by the setting means can be 
adjusted by the aciuding means. Therefore, the opera- 
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tor can finely adjust the set threshold so as to matd. a 
measuring environment 

An objed detedor system accordng to a sixth 
aspect of the invention mdudes a master object def ec- 
KxTnd a slave objed detedor. Eadi of the master 
obied detedor and the slave objed detedor ndudes: 
ddeding means for outputting a deted^J quantrty 
based on the presence or absence of an d)|ed to be 

deteded; sdting means for setting a 'hreshoW; onpar- 
ingmeansfor comparing the detededqi«rj^.ned 
by the deteding means with the threshdd set by *e 
setting means and outputting a deteded result. The 
rr^Z djjed ddedor further indudes: ^y means 
^ nunSrically displaying the ddeded quantjj^ 
drtared by the ddeding means o*. <he m^er 
ddedor, the ddeded quantity *ta«.«d Iv »he dd«4- 
ing means d the dave d^ed deteda^tett^^^sd 

IV the sdting means of the master dJied ddedw. or 
the threshdd sd by the sdting means of the slave 

"'^^ ftl^ed ddedor system according to the sixth 
aspeddtheinvenlfoa eadidthemaderdjjeddet^ 

tJand the dave djjed ddedor outpds a detwted 
result by conparing the ddeded quantity cWained by 
the ddeding means with the thredidd sd by the set- 
ting means. The mader djjed ddedor '^P^^ 
nuSiericaHy displays the ddeded '^^^^ 
the ddeding means of the mader dJ|ed ddedor, the 
ddeded quantity Plained by the ddeding means d 
thedaveobjedddedor.thethresholdsd^thesett.ng 

means d the master d^jed ddedor. 
sd by the Sdting means d ^^^^^ 
Therdbre. the operator is infomied d the ddeded 
quantity obtained by the master djjed ddedor or «» 
dave dbjed ddedor or the thredK)ld sd to the mader 
obied ddedor or the dave dajed ddedor corredly. 
An d]ied ddedor sydem according to a seventh 

asped d the mvenlion indudes a madw d)jed detec- 
twand a slave d^jed ddedor. Eadi d the master 
*jed ddedor and fie slave o^ed ddedor mdud^ 
Sleding means for odpdting a d«teded quan^ 
based on the presence « absence d an obied to be 

ddested: Sdting meansfor6dtingathre*dd:^^ 
ingmeansforconparingtheddededqi«nWy<*te.ne^ 
by the deteding means with the th,^ set by 
setting means and odpdting a deteded resUt At le^ 
eitheTone d the mader djjed detedor a the dave 
MM ddedor further indudes: adjuding means tor 
acSuding the threshold sd by the setting m«ns d Je 
n«der d?jed ddedor or dave djjed ddector or the 
threshdd sd by the setting means d the dher dave 
oUed detector or mader objed ddedw. 

In the djjed detedor sydem according to the sev- 
enth asped of the invention, eadi d the master objed 
ddedTand the dave d)jed detedor oulpds a 
ddeded result by conparing the deteded qiant^ 
detained by flie deteding means witt, the threshold set 
by the setting means. Especially, at l^^l oned *e 
mader d)jed ddedor or the dave dJjed ddedor has 
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adjusting means. Therefore, the threshold set by the 
setting means of Ihe master object detector or slave 
object detector concerned or the threshold set by ttie 
setting means of the other slave o»?jectdetecta or m^- 
terobjectdetectorcanbeadjusted. Hence. theoperator 5 

can finely adjust the thresholds respecbvdy set by the 
master object detector and the slave object detector so 
as to match a measuring environment 

According to an eighth aspect of the invention, in 
the construction of the object detector system according 10 

to the sixth or the seventh aspect of the inventon. the 
setting means further includes automatic setting means 
for setlino, at a setting operation, a threshold basedon 
a detected quantity of the presence of the djjecl and a 

delected quantity of the absence of the object '« 

In the object detector system according to the 
eighth aspect of the invention. , the seMing means 
includes automatic setting means. Therefore. a» a set- 
tina operation, the threshold is automaticany set based 
on a delected quantity obtained al the time a delecting » 
opeiationbpeiformedandadelecledquartityoWair^ 
at the time a detecting operation is no* performed. 
Hence, the operatw is infomied of the aulomalicaly set 
tf»esk>ld correctly or can finely a^ust the aitomaticaily 
set Ihreshold 60 as to match a measuring environment 25 

A dfeplay dwice for object drtectore according to a 
ninth aspect of the invention is a display dewce that IS to 

be connected to an object detector, and Includes: com- 
municating means for communicating wHh the object 
detector:and(isplaymeansfornumericalydisplayinga 30 
detected quantity obtained by the oljject detector based 
on data conwwnicated by the communicating means or 
a threshold set by the object detector . 

In the display dance for object d^ectors according 
to the ninth aspect of the invertion. the detected quaiv as 

tity obtained by the object detector or the threshold set 
by the object detector is numericaly displayed. There- 
fore, the operator Is informed of the delected quantity or 

the threshold of the object detector conrectly. 

A setting device for object detectors acconling to a « 
tenth aspect of the invention IS a setting device that is to 
be connected to an object detector, and mckides: com- 
municating means for communicatino with the object 

detector; and a(*usling meansforadMnfl 
sel by «ie object detector through Ihe communicatBig 45 

means. .. 

In fte setting device tor objed detectors according 
to the tenth aspect of ttie invention, ttie threshold set to 
the otjject detector can be adjusted by the at^usting 
means. Therefore, the operator can finely adjust the so 
threshold of the dt^vA detector so as to match a meas- 
uring environment 

Fig lisaWocKdiagramshowingacorligurationof 
amasterphotoelectiicswitehinanenixKlimertof 65 

ttie present Invention; 

Fig. 2 is a Uock diagram showing a corligurationof 
a slave photoeleclric switch in the embodment; 
Fig. 3 is a diagram showing a display panel of ttie 



photoelectric switch master unit shown in Fig. 1 : 
Rg 4 is a flowchart showing a display updating 
operation m the master photoeleclric switch shown 
in Fig. 1; 

Fig. 5 is a diagram showing the format of an 
address used for reading and writing operations; 
Rg. 6 is a flowchart showing an address setting 
operation to be performed by a control section of 
the master photoelectric switch shown in Fig. 1 ; and 
fig 7 Is a flowchart showing a reading operation 
and a writing operation to be periormed by the mas- 
ter photoeleclric swftch shown in Fig.1 . 

Fig. 1 "B a block diagram showing a configuration of 
a master photoelectric switch in an embodiment of the 

present hiventfon. Further. Fig. 2 is a block diagram 
showing a configuration of a slave photoelectric switch 

In the embodiment . 
A master photoelectric switch 100 shown in Fig. 1 

has a processing section 1 constructed of a gate an^ay 
and a control section 2 constnicted of a CPU (central 
processing unit). The processing section 1 includes a 
lining control section 3, a comparing section 4. an out- 
pU section 5. a senativity setfing control section 6, a 
quantity-ot-received^ighl data regfeter 7. a first thresh- 
oM data register 8, a second threshold data register 9, 
and a transmitting and receiving re^ster 10. 

The processing section 1 has a drive circuit 11. a 
Ight-emitSng element 12, a light-receiving element 13 
an amplfier U. and an AA) converter (anatog-to-digrtal 
converter) 15 connected thereto. Respective sensor 
heads section (not shown) are connected to the light- 
emWing element 12 and «ie light-receiving element 13 
through optical fbers. ..^__u.. 

The timkig control section 3 cortrols ligM-emitting 
timing of tie Sght-emitting element 12 through the drive 
dreuilll.When the drive circuitll drives the lighl-emrt- 
ting element 12. light is projected onto a sensing region 
through an optical f ber (not shown) from the light-emit- 
fing element 1i In the case where the sensor head sec- 
tion is of a transmitting type, when no object is present 
in the sensing region, the RgW ii^ecting from the Sght- 
emMng element 12 is received by the Bghl-receiving 
element 13. On the other hand, in ttie case where the 
censor head section is of a reflecting type, when an 
flUect is present in the sensing region, the reflected 
ight from the objed is received by the lighl-receiving 
element 13. 

An output signal from the light-receiving element 13 
is amplified by the anplHier 14, and the anplified signal 
is ttiereafter defivered to the Art) converter 15. The M) 
converter 15 converts the output signal from the ampli- 
fier 14 to a (figital signal, and the digftal signal is given to 
the processing sedion 1 as quantity-of-received-right 
data. The quanlity-of-received-lighl data is stored in the 
register 7 in the processing section 1. 

The sensifiyily setting conuol section 6 performs 
sensHivity setting operation by means of a predeter- 
mined method at the time of setting a sensitivity, and 
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autoaiaticaBy sets a threshotd. For exarrple the ^ 
tivity setting control section 6 sets a ttireshoW bas«l on 
a Ldmum and a minimum c* the quantity-d-rea«ved^ 
lioht data; i e.. the sensitivity setting control section 6 
sets athreshold between such maximum and mwrnuia 5 

The master photoelectric switch 100 accordir« t «he 
present entxxfiment stores two pieces of threshow 
data ol>tained by twice (two turns) d sensitivity setong 
operation in the registers 8. 9 as a f irst piece of Ihr^ 
oEj data and a second piece of threshold data. resp«- to 

th«|y The transmitting and receiving register 10 
temxxarily stores data to be transmitted to and 
received from either the control section 2 or a slave pho- 
toelectric sw»ch 200 shown m Fig. 2. 

The conparing section 4 compares the quantfty-of- w 
received-Oght data wHh the first piece of threshold data 
and the quantity-of-receivedJighl data with the second 

piece of threshold data on a time sharing 
anoieslheconpared results to output terminals 26A. 

26Bthroughtheoutpul6ection5asafirBtdelectedsig- » 
nal DET1 and a second detected signal DET2 respec- 
tively. The master photoelectric swftch 100 has two 
channels "A". "B" corresponding to the fist piece ot 
threshold data and the second piece of threshold data, 
respectively. Further, slave photoelectric switches 20) » 

sequentialy connected to the master P^^oto^ 
swUch 100 are sequentially given channels 1 . . 



Further the processing section 1 has an l£D sec- 
tion 16 which displays the detected results and fte sere 00 

sHivify conditions in the channels A, J. i^e 
processing section 1 also has a "nneclor 17 
sewes to connect the slave photoelectric switch 200 

showninFig.2. v 
On the olher hand, the control section 2 has asm- 35 

sitivtty setting switch 1 8, an up swHch 19. a dcwi switch 
20 and a mode switch 21 connected thereto. The sen- 
sitivity switch 1 8 is used to give a sensitivity setting co^ 
mand to the sensilivily setting control section 6 dje 

processing section 1. Further, the up svvit* 19 andthe ^ 
down switch 20 are used to finely adjust a threshoWse* 
by the sensitivity setting control section 6. The mode 
switch 21 is mainly used to switch display modes ttat 

will be descrtoed later. ccpRnu « 

Further, the control section 2 has an EEPROM 4S 
(electrically erasaWeandwiitableread only memory)^ 
connected thereto. The EEPROM 22 dores the first 
piece of threshold data, second piece of threshoW data, 
and channels of the master photoelectric swit*m 
Furthermore, the control section 2 has an LCD secton 60 
(liquid crystal display section) 23 connected thereto 
The LCD section 23 gives a digHal numerical display of 
thefiist piece of threshold data, second piece of thresh- 
old data, and quantity-ot+eceived-Ught data oHhem»- 

terphotoelectricsiwilchlOOaswellasofthequanti^ » 
recSved -light data and threshold data of the slave pho- 
toelectric switch 200. A red back light 24 and a green 
back m 25 are arranged on the LCD section 23. 
In the present embodiment, the lining control sec- 



tion 3 ttie drive circuit 1 1 . the light-emitting element 12. 
the Sght-receiving element 13, the anplifier 14. and the 
AA) converter 15 constitute the detecting means, and 
the conparing section 4 and the output section 5 ajnsii- 
tute the conparing means. Further, the sensrtivity se^ 
ting control section 6 and the sensitivity sethng switch 
18 oonslilute the setting means; ttie control section 2 
arxi the LCD section 23 constitute the display means: 
and the IP switch 19, the down switch 20. and the con- 
trol section 2 constitute ttie adjusting means. Furth^- 
more. the control section 2 and the LCD section » 
constitute the display device for object detectors: and 
the up switch 19. the down switch 20. and the oorrtrol 
section 2 constitute the setting device for object detec- 
tors The transmitting and receiving register 10 consb- 
tutes the transmitting and receiving means, tt m^ be 
noted ««l the quantity of light received corresponds to 

the detected qi«ntity. 

The slave photoelectric switch 200 shown in Fig. 2 
has a processing section 1 a conslructed of a gate array. 
The processing section 1 a ndudes a timing control sec- 
tion 3. a conparing section 4a. an output section 5. a 
sensitivity setting control section 6. a c>jantity-of- 
receivedHight date register 7. a threshold date register 
8. and a transmitting and receiving register 10 

SinflarV to the master photoelectric switch 100 
shown in Fig. 1. the processing section la has a drive 
drcuttll alghl-emittingelement12.aight-receiving 
element 13. an ampSfier 14. and an AA) <»nv«ler con- 
nected fherela The quantity-of-recewed-Sght date 
obtained by the Art) converter 15 is stored in the reg^- 
ter7 

Only one threshold is set in the slave photoelectric 
swftch 200. The sensitivity setting control section 6 per- 
forms sensitivity setting operation n response to the 
operation ofasensitivity setting swHch 18. andttierefore 
automalicaly sets a threshold. The threshold obtained 
by the sensitMty setting control section 6 is stored in ttie 

register 8 as threshold data. The transmitting and 
receiving register 10 temporarily stores datatobetrare- 
mitted to and received from the master photoelectnc 
switch 100 shown in Fig. 1. The comparing secton 4a 
oonnares the quanlity-of-received-light date with the 
threshold date, and outputs the «>nipaf^^f"» ^ an 
output temiinal 26 as a detected signal DET through the 
output section 5. . . ^ 

Two connectors 17A. 17B are connected to the 
processing section la. These connectors 17A. 17B 
serve to conned the master photoelectric switch 100 or 
another slave photoelectric witch. Here it is supposed 
that the master photoelectric switch 100 is to be con- 
nected to ttie connector 17A and that another slave 
photoelectric switch is to be connected to the connedor 
17B Further, ttie processing section la also an EEP- 
ROM 22 connected thereto The EEPROM 22 stores 
the threshold date of the slave photoelectric awtchjoo. 

Fig. 3 is a diagram showing a display panel of the 
master photoelectric swHch 100. 

m Fig. 3, the LED section 16 includes: an operation 
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display LED 16A that displays a detecting condition of 
the channel "A*; an operation display LED 16B that cfis- 
plays a detecting condition of the channel "B"; a sensi- 
tivity setting display LED 16C that dsplays a sensitivity 
s^ngconcfition. The operating display LED 16A lights 5 
upredwhenth detected signal of the channel "A" has 
turned on. The operating display LED 16B Ights \p red 
when the defected signal of the channel "B'' has turned 
on. The sensitivHy setting display LED 16C is lights up - 
yellow during sensitivity setting opemtioa Whether the 10 
detected signals DET1. DET2 turn on when Ight is 
ifiected or when light is shielded can be selected by a 
not shown selector switch. 

When the sensitivity setting switch 18 is pressed, 
the threshold is automatically set by the sensitivity set- is 
ting control section 6 shown in Fig. 1 . The qp switch 19 
and the down switch 20 are employed to finely adjust 
the threshold set by the sensitivity setting control sec- 
tion 6. The LCD section 23 has a channel section 23a 
that displays a cfisplayed channel and a data display zo 
section 23b that displays the quantity-of-received-right 
data. threshoW data, or detection ratio d Ihe displayed 
channel. By the "detection ratio" it is Wended to mean a 
ratio of the quantity-of-recdved-fight data with respect 
to the threshold data. That is. the detection ratio indi- 
cates a margin of the quantity of BgW received with 
respect to the threshold. 

When the mode switeh 2 1 1s kept pressed for a pre- 
determined time (e.g., three seconds) or more, the data 
displayed on the data display section 23b is switched 
between the quantity-of-received-light data and the 
detection ratio. Further, when the mode switch 21 is 
kept pressed for less than a predetermined time (e.g.. 
three seconds), the data displayed on the data display 
section 23b is switched either between the quantity-of- 
received-light data and the threshold data or between 
the detection ratio and the threshoW data. By operating 
the mode switch 21 in this way, the display mode 
switches over. Further, when the mode switdi 21 is 
pressed together with the MP switch 19 or with the down 
switch 20. the cfisplayed channd of the channel section 
23a switches over. 

At the t«ne the power switch has been tuned on. 
the channel that was displayed when the power switeh 
was turned off last time is displayed on the channel sec- 
tion 23a as the displayed channel, and the quanlity-of- 
received-light data or the detection ratio of that channel 
is displayed on the data display section 23b. 

Ihe LCD section 23 gives a red display by Ighting 
the back light 24 shown in Fig. 1 when the detected sig- 
nal of the displayed channel hfe been turned on. and 
gives a green display by lighting the ba(k light 25 shown 
in Rg. 1 when the detected signal of ihe dfeplayed chan- 
nel has been turned off. 

Fig. 4 is a ftowchart showing a display updating 
operation in the control section 2 of the master photoe- 
lectric switch 100 shown in Fig. 1 . The control section 2 
updates the displ^ of the LCD section 23 by transmit- 
ting and receiving the quantity-of-received-Bght data 



and the tiireshold data to and from the processing sec- 
tionl. 

First the control section 2 sets the quantity-of- 
received-light data reading frequency N to 0 (Step SI). 
The control section 2 then judges whether or not the 
switch has been turned on (Step S2). When a command 
for finely adjusting the threshoW is given from the up 
switch 1 9 or from the down switch 20 (Step S3) . the con- 
trol section 2 perionns tiireshokJ data reacfing operation 
that win be desaibed later (Step S4). and adds to the 
read threshold data a value inputted by the up switch 1 9 
or the down switch 20 (Step S5), The control section 2 
further performs threshoW data writing operation in 
which the added result is written as updated tiireshoW 
data. tWs writing operation being desaibed later (Step 
S6), and thereafter goes to Step SI 5. 

When a display mode chang e command is given lay 
the mode switch 21 (Step S7). the control section 2 
changes the display mode (Step S8). The control sec- 
tk)n 2 then peribrms the quantity-of-received-light data 
readmg operation (Step S9). and thereafter goes to 
Step S15. 

Further, when a channel change command is given 
by the mode swrtch 21 together with the up switch 1 9 or 
2s the down switch 20 (Step S10). the control section 2 
changes the channel (Step S11), and resets the quan- 
tity-of-received-lighl data reading frequency N to 0 
(Step S12), The control section 2 further performs tfie 
quantity-of-received-light data reading operation (Step 
30 S13), and thereafter goes to Step S15. 

It may be noted that if there fe no switch input in 
Step S2, the control section 2 performs the quantity-of- 
receivedHight data reading operation (Step S14). and 
thereafter goes to Step S15. 
35 In Step SI 5. the control section 2 kicrements ttie 
quantity-of-received-light data readkig frequency N by 
1. The operations from Step S2 to Step S15 are 
repeated until the quantity-of-received-light data read- 
ing frequency N equals a predetermined value (e.g., 8 
40 times). As a result the quantity-of-received-right data 
reading operation is perfonned for a predetermined fre- 
quency (e.g.. 8 times) at a predetermined cyde. Fur- 
ther, if the channel has been changed, the quanSty-of- 
received^ight data reading operation is pedbrmed for a 
45 predotennined frequency (e.g.. 8 tknes) at a predeter- 
mined cyde from the change of the channel. 

When the quantity-of-received-light data reading 
frequency N equals the predetennlned frequency (e.g.. 
8 times) (Step S16). the control section 2 performs 
60 threshoW data reading operation that will be descrbed 
later (Step SI 7), calculates average data by finding an 
average of the quantity-of-received-light data for a pre- 
detennined frequency (e.g.. 8 times), and calculates 
detection ratio by finding ttie ratio of tine average data to 
55 the threshold data (Step SI 8). The control section 2 
then updates the display of the quantity-of-received- 
light data, threshold data, a detection ratio of the cur- 
rent channel in tiie current display mode (Step SI 9). 
Then, the quantity-of-received-right data reading 



6 



11 



EP0797107A2 



12 



operation, as well as the threshold data reading and 
writing operation will be described wrth reference to 
Rgs. 5, 6. and 7. 

Fig. 5 is a diagram showing the format of an 
address given to the processing section 1 from the con- s 
trd section 2 at the time the reading operation and the 
writing operation are performed. As shown in Rg. 5, an 
address includes a readAvrite brt RW, a quantity-of- 
received-lightfthreshold brt RT. and a channel CH. The 
read/write bit RW gives an indication as to whether io 
reading operation is to be performed or writing opera- 
tion is to be performed. When this bit is set to "0". read- 
ing operation is to be performed, and when this bit is set 
to -r. writing operation is to be performed. The quan- 
tity-d<eceived4ighlAhreshoW bit RT gives an indication is 

as to whether the data to be operated is the quantity-d- 
received-light data a the threshold data. When INs bit 
is set to V. the data to be operated is the quantity-of- 
recefved-fight data, and when this bit is set to the 
data to be operated is the threshold data. Further. «ie 20 
channel CH indicates the channel to be displayed or 
finely adjusted. 

Fig. 6 is a flowchart diowing an address s^tmg 
operation fc>y the control section 2. 

First the control section 2 judges ¥vhelher the data 26 
to be operated is the quantity-of-received-light data or 
the threshold data (Step S21). In the case of operating 
the quantity-of-received-tight data, the control section 2 
sets the quantity-of-received-light/threshold bit RT to t)" 
(Step 822). Then, the control section 2 sete the so 
readMrite brt RW to "O" (Step S23). 

In the case where tiie data to be operated is the 
threshold, the control section 2 sets the quantity-of- 
received-lighlrthreshold brt RT to "1" (Step 824). and 
judges whether reading operatfon is to be performed or 35 

writing operation is to be peilbrmed based on whether 
the up switch 19 or the down swftch 20 has been 
pressed (Step 825). H the reading operation is to be 
perfomied, the control section 2 sets the read/write brt 
RW tot)" (Step 826). whereas if the writing operation IS 4o 
to be performed, the control section 2 sets the 
^ead^vrlte brt RW to M" (Step 827). 

The control section 2 thereafter sets the channel 
CH based on the channel set by the mode swrtch 21 
together with the up switch 19 or the down switch 20 45 

(Step 828). Then, the control section 2 sets an address 
including tfie read/wrrte brt RW. quantrty-of-received- 
light/lhreshoid brt RX and channel CH that have been 
set (Step S29). 

Fig. 7 is a flowchart showing the reading operation so 
and the writing operation to be performed by the 
processing section 1 and the control section 2. 

Frst the control section 2 performs the address 
setting operation shown in Fig. 6 (Step 831). Then, the 
set address IS transmitted from tfie control section 2 to ss 

the processing section 1 (Step 832). 

The processing section 1 judges wh ther th read- 
ing opemtion Is to be perfonned or frie writing operation 
is to be perfomied based n «ie read/wrrte brt RW of the 



received address (Step 833). In the case where tiie 
reading operation is to be performed, the control section 
2 judges whetfier tfie reading operation is performed 
upon the master photoelectric switch frtseH) 100 or the 
reading operation is to be performed upon the slave 
photoelectric swrtch 200 based on the channel CH of 
tfie address (Step 834). That is, if the channel CH is set 
to "A" or "B". the reading operation is performed upon 
the master photoelectric swrtch 1 00, whereas the chan- 
nel CH is set to a numeral that is "1" and so on. the 
reading operatfon is to be performed upon the slave 
photoelectric swrtch 200. 

In the case where the reading operation is to be 
perfomied ipon the master photoelectric swrtch (rtself) 
100. tfie processing section 1 sets the quantity-of- 
received-Sght data stored In tiie register 7. the first piece 
of threshold data stored in the register 8. or the second 
piece of threshold data stored in the register 9 in the 
transmrtting and receiving register 10 as read data 
based on the quantrty-of-received-lighilhreshold brt RT 
(Step 835). The read data in the transmrtting and 
receiving register 10 is transmitted Irom the processing 
section 1 to the control section 2 (Step 836). The control 
section 2 displays the read data to the data display sec- 
tion 23b of the LCD section 23. 

On the crther hand, in the case where the reading 
operatfon is to be performed upon the slave photoelec- 
tric swrtch 200. the processing section 1 transmrts an 
address to the concerned slave photoelectric swrtch 
200 based on the channel CH of the address (Step 
S37). In this case, the slave photoelectric swrtch 200 
that has received the address judges that the reading 
operation should be perfomied based on the readWrrte 
brt RW of the address, and judges whether the quantity- 
of-received-lght data is to be operated or the threshold 
data is to be operated based on the quantity-of- 
received-fight/threshold brt RT. and transmHs the quan- 
tity^)f-received^*lght data or the tfireshoW data as the 
read data to tie master photoelectric swrtch 100 
through the connector 1 7 A. 

When the processing section 1 of tfie master photo- 
electric switch 100 receives the read data from the slave 
photodectrfo swrtch 200 at the transmitting and receiv- 
ing register 10 (Step 838). the processing section 1 
transmrts the read data to the control section 2 (Step 
839). The control section 2 displays tiie received read 
data on ttie data display section 23b of the LCD section 
23- 

If rt is determined that the writing operation is to be 
peribrmed in Step 833. whether tiie wrrting operatfon is 
to be performed upon the master photoelectric swrtch 
(itsetf) 100 or tfie wrrting operation is to be performed 
upon the slave photoelectric switch 200 is judged based 
on the channel CH of tiie address (Step S40). In the 
case where the wrrting operation is to be performed 
upon the master photoeleclric swrtch (rtself) 100, written 
data is transmrtted to tfie processing section 1 from tfie 
control section 2 (Step 841). Here, by the "written data" 
rt is intended to mean a value obtained by adding a 
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value inputted from the up switch 19 « the down switch 
20 to the threshold data read by the last reading opera- 
tion The processing section 1 sets the received written 
data as new threshold data in either the register 8 or 9 
in accordance with the channel CH of the address. s 

On the other hand. In the case where the writing 
operation is to be performed ipon the slaw photoelec- 
tric switch 200. Ihe processing section 1 transmits an 
address to the concerned slave photoelectric switch 
200 based on Ihe channel of the address (Step S43). io 
Written data is thereafter transmitted from the cor*ol 
section 2 to the processing secfion 1 (Step S44). Here, 
by the "written data' it is intended to mean a value 
obtained by adding a value inputted from the up switch 
19 or the down switch 20 to the threshold data read by »* 

the last reading operation. 

The processing section 1 transmits the received 
written data to the slave photoelectric switch 200 
through the connector 17 (Step S45). The slave photo- 
electric switch 200 that has received the written date » 

judges the received vwitten data as the new threshold 
data based on the read^vrite bit RW and quantity-of- 
received^ightrthreshold bit RT of the address and stores 
ttie written data in the register 8. 

Ihus, by operating the mode switch 21 together 25 
with ttie up switch 19 or the down switch 20 shown in 
Fig 3. the channel in the channel section 23a is 
swHched. and by operating the mode swhch 21 . the data 

to be displayed on the data display section 23b is 
ewttched among the quantity-of-received-ight data, the so 
threshold data, and the detection ratia 

As a result the operator is infermed of «ie quanfity- 
of-received^ight data, first piece of threshold data and 
second piece of threshold data, and detection ratio of 
the master photoelectric switch 100. as well as the 35 
quanlity-ol-recelvedHight data, threshold data, and 
detection ratio of the slave photoeleciric switch 200 cor- 

Further, not only the threshold m the channel dis- 
played on the channel section 23a is finely adjusted by 40 
operating the up switch 19 or the down swRch 20. but 
also the new threshold data is displayed on the data dis- 
play section 23b. Therefore, the operator can finely 
aciust the thresholds set to the master photoelectric 
switch 100 and the slave photoelectric switch whie « 
watching the incBcation on the data dsplay section 23b. 

While the case where the display dance for object 
detectors and the setting dewlce for object detectors of 
the present invention are integrally formed with the mas- 
ter photoeleciric switch 100 has been described m the so 
aforementioned embodiment, each of a display device 
for photoelectric switches and a setting dance for pho- 
toelectric switches may be designed as an Wependert 
unit Further, the display device for object detectors and 
the setting dorice for object detectors may be integrally » 
formed with the slave photoelectric switch 200. 

Further, while the case where the present Invention 
is applied to photoelectric switches and a photoelectric 
switch system has b en described in th aforemen- 



tioned embodiment, the present invention is appPcaWe 
similariy to other types ol object detectors such as prox- 
in«y switches, ultrasonic swrtches as well as to other 
types of ot)ject detector systems. 



Claims 

1. An otjjectdrtector comprising detecting means for 
outputting a detected quantity based on a presence 
or absence of an object to be detected, setfing 
means for setting a ttireshold. and comparing 
means lor conparing the detected quantity 
obtained by Ihe detecting means with tiie threshold 
set by the setting means and outputting a detected 

result . 

characterized in that said ol>ject detector fur- 
ther conprises display moans for numerically ds- 
pl^ng either the detected quantity obtained by the 
detecting means or the threshold set by the setting 
means. 

2. The d^ed detector according to daim 1. further 
conprising adjusting means for arfjusting Ihe 
threshold set by ttie siting means. 

3 The object detector according to claim 1 or 2, 
wherein the setting means further comprises auto- 
matic setting means for setfing a threshold, at a set- 
ting operation, based on a detected quantity of the 

presence of the object and a delected quantity of 
the absence of the object. 

4. An Object drtector comprising detecting means for 
outputting a detected quantity based on a presence 
oc absence of an object to be detected, setting 
means for setting a threshold, and comparing 
means for comparing the detected quantity 
obtained by the detecting means with the threshold 
set by the setting means and outputting a detected 

result , 

characterized in that said object detector fur- 
ther comprises display means for numerically dis- 
playing a detection ralto of the detected quantity 
obtained by the detecting means with respedto the 
threshold set by the setting means. 

5, An object detector comprismgdetecfing means for 
outputting a detected quantity based on a presence 
or absence of an object to be detected, setting 
means for setting a threshold, at a setting opera- 
tion, based on a detected quantity of Ihe presence 
of the object and a detected quanti^ of the absence 
of the object and comparing means for conpanng 
the detected quantity obtained by the detecfing 
means with the threshold set by the setting means 
and outputting a detected result 

characterized in that said object detector fur- 
ther conprises adjusting means for adjusting tine 
threshold set by the setting means. 
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6. An object detector system comprising: 

a master object detector: and a slave object 
detector, each of the master object detector 
andth slave object detector connprising: 
detecting means for outputting a detected 
quantity based on a presence or absence of an 

ol)ject to be detected; 
setting means (or setting a threshold; and 
conpaiing means for comparing the detected 
quantity obtained by the detecting means with 
the threshold set by the setting means and out- 
putting a detected result 

wherein the master object detector fur- 
ther comprising: 

display means for numerically displaying 
the delected quantity obtained by the 
detecting means of the master object 
detector, the delected quantHy obtained by 
the delecting means of the slave object 
detector, the threshold set by the setting 
means of the master ctiecX detector, or the 
threshold set by the setting means of the 
slave otsject detector. 

7. An object detector system comprising: 

a master ot^jed detector; and a slave object 
detector, each of the master oyecl detector 
and the slave object detector comprising: 
delecting means lor outputting a detected 
quantity based on a presence or absence of an 

object to be detected; 
setting means for setting a threshold; and 
conparing means for comparing the detected 
quantity obtained by the detecting means with 
the threshold set by the setting means and out- 
putting a detected result; 

wherein at least either one of the master 
object detector or the slave object detector fur- 
ther comprises: 

adjusting means for adjusting ttie thresh- 
old set by the setting means of the master 
object detector or slave object detector or 
the threshold set by the setting means of 
the other slave object detector or master 
ot>iect detector. 

8. The object detector system according to daim 6 or 
7. wherein the setting means further comprises 
automatic setting means for setting, at a setting 
opemfion, a ttireshdd based on a detected quantity 
of the presence of the ol)ject and a detected quan- 
tity of the absence of the object 

9. A display device connected to an otDjed detector, 
comprising: 



communicating means tor communicating with 
the object detecta: and 
display means for numerically displaying a 
defected quantity obtained by the object detec- 
5 tor biased on data communicated by the com- 

municating means or a threshold set by the 
object detector. 

ia A setting device connected to an otjject detector, 
10 comprising: 

communicating means for communicating wHh 
the object detecta; and 
adjusting means for adjusting a threshold set 
IS by ttie object detector through the communicat- 

ing means. 

11. An object detector for detecting a presence or 
at)sence of an dDjed. comprising: 

20 

a detector for outputting a presence quantity in 
case of the presence tf)e object and an 
£teence quantity in case of the absence of the 

object; 

25 setting means for setting a threshoid being 

between the presence quantity and the 
absence quantity; 

conparing means for comparing tiie quantity 
detected by the detector witfi ttie threshold set 
30 by the setting means and outputting a detected 

resUtand 

a display for numerically displaying either the 
quantity delected by the detector or the thresh- 
old set by the setting noeans. 

35 

1^ The object detector according to daim 11, wherein 
the display indudng a back light having two colors 
s^wftching over one another, one of ttie two colors for 
the presence quantify and the otfier ttiereof for tiie 
40 absence quantity. 

1 3. The object detedor according to daim 1 1 or 1 2. fur- 
ther oompri^ng: 

45 a mode switch lor changing displaying at the 

display between the quantity deteded by tine 
detedor and the threshold set by ttie setting 
means. 

60 14. An objed detedor for detecting a presence or 
^ence of an objed at plural channels, compris- 
ing: 

detedors. each of the deledors positioned at 
65 tfie respedive channels, lor outputting a pres- 

ence quantity in case of the presence the 
objed and a absence quantity in case of the 
absence of the objed at the respedive chan- 
nels; 
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setting means for setting a threshold being 
between the presence quantity and the 
absence quantity with respect to each of the 
detectors; 

conparing means lor conparing the quantity s 
detected by the respectiv detectors with the 
respective thresholds set by the setting means 
and outputling a delected result; and 
a display for numerically displaying either the 
quantity detected by one of the detectors or ttie 
threshold for the one of the detectors set by the 
setting means. 

15. The object detector according to claim 14. further 
comprising: 

a channel change sw**;h for changing the dis- 
play for one of the channels to the other. 

16 The object detector according to daim 14 or 15. 
wherein the display indudwig a back light having 
two cdofs swHcNng over one another, one of the 
two cdofs for the presence quantity and the other 
thereof for the absence quantity. 

17. The object detector accoicfing to daim 14. 15. or 
16, further comprising: 

a mode switch for changing displaying at the 
display between the quantity detected by one 
d the detectors and the threshold lor the one 
detector set by the setting means. 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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